Background: Concern regarding the health-related quality of life (HRQOL) of long-term survivors of thyroid cancer has risen due to the rapid increase in the incidence of thyroid cancer, which generally has an excellent prognosis. The aim of this study was to evaluate the status of HRQOL in disease-free survivors of differentiated thyroid carcinoma (DTC) and to evaluate the important determinants of HRQOL. Methods: This was a cross-sectional study in which we interviewed consecutive disease-free survivors of DTC. Three different validated questionnaires ("EORTC QLQ-C30" for various functional domains, the "brief fatigue inventory (BFI)" and the "hospital anxiety and depression scale" (HADS)) were used. Data from a large, population based survey of 1,000 people were used as a control.
Background
The incidence of thyroid cancer is rapidly increasing in Korea and in several parts of the world. Differentiated thyroid carcinoma (DTC), mostly small papillary thyroid carcinomas which show excellent prognosis [1] [2] [3] , account for the majority of the increased incidence.
Although there are some controversies in the management of DTC (papillary and follicular thyroid carcinoma), primary treatment typically consists of surgery, radioactive iodine (RAI) ablation/treatment, and TSH suppressive therapy with levo-thyroxine (T4). These treatment options are accompanied by various kinds of long-term complications such as voice change after thyroid surgery and xerostomia after high cumulative dose of RAI [4] .
Since most patients with DTC become free of disease after the initial treatment, the number of disease-free survivors of thyroid cancer continues to grow. Healthrelated quality of life (HRQOL) is an important factor in caring for long-term survivors of various types of cancer, and every cancer patient needs and deserves appropriate help from health care providers in order to improve their HRQOL [5] .
Despite the expectation of normal life expectancy for most disease-free survivors of DTC, there are concerns about their HRQOL. The results of many published reports however, have been inconsistent. Some studies that describe decreased HRQOL in patients with thyroid cancer have been limited by small sample size [6] [7] [8] , a lack of comparison with healthy control group [6, 7, 9] , or lack of information regarding specific details about thyroid cancer stage, type of thyroid surgery and radioiodine treatment [9] . Hoftijzer et al. reported a decreased HRQOL in 153 cured DTC patients compared with the general population, and the most important independent determinant for better HRQOL was the duration of cure [10] . Contrarily, Peltrari et al. found that the overall HRQOL of 341 patients with DTC (stage I, II), whose initial treatment was performed at least five years earlier, was comparable to that of the general population [11] . These previous studies did not address the application of a comprehensive panel of quality of life and mental health instruments to a large population of thyroid cancer survivors of diverse stages by cancer-specific questionnaires.
The aim of this study was to compare the HRQOL for disease-free survivors of DTC with that of the general population using validated questionnaires, and to evaluate the important and manageable determinants, especially mental health instrument, of the HRQOL. We also wanted to see whether the different treatment modalities may affect HRQOL of disease-free survivors of DTC.
Methods

Patients
The study involved consecutive disease-free patients with DTC who visited the outpatient clinic of the Thyroid Cancer Center, Samsung Medical Center between July 2008 and October 2008. All patients older that 18 years of age were asked to participate and to complete the written questionnaires by themselves at the outpatient clinic. Inclusion criteria were having undergone thyroid surgery with or without radioiodine therapy, the use of T4 replacement continuously for at least six months, absence of clinical or laboratory evidence of DTC at the time of the study, and no further planned therapy for thyroid cancer except T4 replacement. Exclusion criteria were any other acute or chronic comorbidity which required medical or surgical treatment and could influence their HRQOL, and the administration of RAI within less than six months either for diagnostic or therapeutic purposes since the recent recovery from hypothyroidism could affect the patient's answers. The most commonly listed medical co-morbidities were: diabetes mellitus, hypertension, coronary artery disease, liver disease, kidney disease, lung disease and psychiatric problem. Patients who had detectable thyroglobulin (Tg) levels during TSH suppression or stimulation were also excluded because these patients had a high likelihood for requiring further treatment, which could be a cause of anxiety. Data on patient age and sex were derived from the medical files: the patients were also asked for additional data on marital status (married vs. notmarried), highest level of education achieved (graduated from elementary school, middle school, high school, college or university), employment status (employed vs. not employed), religious status (religious vs. nonreligious) and subjective financial status (low, middle, or high economic class) using written questionnaire. Data on disease severity parameters were derived from medical records as follows: histology, disease stage, type of operation, number and cumulative dose of RAI, TSH and free T3 level, and time since remission at the time the questionnaire was administered. This study was approved by the Institutional Review Board of Samsung Medical Center. Written consent was obtained from all participants.
Controls
Sex-and age-matched control group was adopted from a previously published large-scale epidemiologic study to provide reference data for HRQOL in the general Korean population [12, 13] . In summary, 1000 members (F:M = 1:1) of the general population from over 15 sites in Korea were surveyed according to probability-proportional-to-size technique. Eligibility criteria for control included being physically and mentally well enough to fill out a questionnaire of communicate with the interviewer. The European Organization for Research and Treatment of Cancer (EORTC) QLQ-C30 was developed in 1993 [14] . It is comprised of 30 cancer-specific questions which are used to assess the HRQOL of cancer patients who participate in clinical trials. It incorporates five functional domains (physical, role, cognitive, emotional, and social), three symptom scales (fatigue, pain, and nausea-vomiting) and a global health/QOL scale. Each of these multiple-item scales is scored from 0 to 100, with a higher score representing better HRQOL. We defined the patients group with a score of 33 or less in the five functional domain and global health/QOL scale as a problematic group according to previous literatures [15, 16] . Several single-item symptom measurements are also included in EORTC QLQ-C30 and are used to assess commonly reported problems in cancer patients such as dyspnea, appetite loss, sleep disturbance, constipation, diarrhea, and financial problems. However, only the five functional domains and a global health/QOL scales were used to assess the HRQOL in this study because chemotherapy and conventional radiation therapy are not used to treat patients with DTC as in other cancers. The Korean version (Korean EORTC QLQ-C30) was validated and was demonstrated to have the ability to distinguish the subgroups of patients with different performance and HRQOL [17] . The use of this questionnaire was permitted by the Quality of Life Unit of the EORTC http://www.eortc.be.
Instruments to
Brief Fatigue Inventory (BFI)
The BFI was developed for the rapid assessment of fatigue in cancer patients. The BFI consists of nine questions on a single page. Fatigue and its interference in daily living are scored by patients on a numerical scale from 0 to 10 [18] . The global score for the BFI is calculated as the mean value of these nine items. Fatigue severity is then categorized into three groups: a global score of 1-3 is considered mild; a score of 4-6 is moderate; and a score of 7-10 is severe. The Korean version of the BFI (BFI-K) has been validated and has demonstrated reliability as a self-rating instrument used to assess fatigue [19] . The BFI-K was provided by the Pain Research Group of the MD Anderson Cancer Center http://www.mdanderson.org.
Hospital Anxiety and Depression (HADS)
The HADS was designed to assess depression and anxiety in a medical or surgical outpatient setting that includes cancer patients [20] . It consists of 14 questions related to the two domains of depression and anxiety, with seven questions focus on depression (HADS-D) and the other seven focus on anxiety (HADS-A). Both the HADS-A and HADS-D are scored from 0 to 21, with higher scores indicating greater distress. A normal value ranges from 0-7, a mild disorder ranges from 8-10, a moderate disorder ranges from 11-14, and a severe disorder ranges from 15-21. The Korean HADS has been developed and validated [21] . A license for the HADS-K was acquired from GL assessment http://www. gl-assessment.co.uk.
Statistics
The EORTC QLQ-C30 was scored according to the EORTC scoring manual. Incomplete questionnaires were handled as per the developer's recommendations. BFI and HADS questionnaires with missing values were not used. We used descriptive statistics for the sociodemographic and clinico-pathologic features of the subjects. Differences in continuous variables between participants and non-participants for the survey were tested by independent samples t-test. Differences between groups in categorical variables were tested by chi-square test and for small cell variables, Fisher`s exact test. The one-sample t-test was used to compare the means of each domain of questionnaires between disease-free survivors of DTC and the general population controls. We used an analysis of covariance with a generalized linear model to determine significant differences between the groups according to the mode of treatment of thyroid cancer. Multiple regression analysis was used to evaluate the predictors of HRQOL. The independent variables used to predict each of the EORTC QLQ-C30 domains included demographic features (age at diagnosis, age at evaluation, gender, marital status, level of education, employment, religion, and financial status), clinical parameters (type of operation, cancer stage, TSH level, cumulative RAI dose, and time since remission), BFI scores, and the psychological status of the patient (HADS-D and HADS-A scores). The variables that were P < 0.2 in univariate analysis of variance tests or were known to be important determinants that affect the HRQOL in other previously published studies on this topic were included in these multiple regression analysis [6] [7] [8] [9] [10] [11] [22] [23] [24] [25] [26] . P values of < 0.05 were considered statistically significant.
Results
Recruitment results
We identified 681 consecutive patients at our outpatient clinic who were potentially disease-free survivors of DTC. Two hundred eighty (40.9%) of these patients were excluded either because of a co-morbidity or because it was less than six months after last the administration of RAI. Eighty-five of the 401 (21.1%) disease-free survivors of DTC who were eligible declined participation, and lack of time or inconvenience were the most commonly stated reasons. There were no differences in the demographic and clinico-pathologic characteristics between the participants and the non-participants (Table 1) . Three hundred sixteen (78.9%) disease-free survivors of DTC ultimately participated in the study (Figure 1 ).
Patient Characteristics
The baseline clinical characteristics for the participants are summarized in Table 2 . Two hundred eighty-seven of the 316 participants were female (90.8%). The mean age (± SD) at the time of diagnosis was 41.2 years (± 9.8).
Most of the patients were married (91.9%, 274/298). Two hundred fourteen of the 300 patients (71.3%) were religious, and 93.2% of the patients reported a subjective financial status as middle class or higher. A majority of the participants had papillary thyroid carcinoma (97.5%, 308/316) and eight (2.5%) had follicular thyroid carcinoma. A total thyroidectomy was performed in 89.9% (284/316) of the patients, and 10.1% (32/316) had a subtotal thyroidectomy or lobectomy. Based on TNM staging, 223 (70.6%) of the patients had stage I disease, five (1.6%) had stage II disease, 82 (25.9%) had stage III disease, and six (1.9%) had an unknown stage. The mean TSH level (± SD) at the time of the survey was 0.49 (±5.74) uIU/㎖, free T3 was 3.77 (± 0.93) pg/㎖. The mean time since disease remission (± SD) was 37.3 months (28.8). RAI therapy was performed in 92.0% (291/316) of the patients, with a mean cumulative RAI dose (± SD) of 134.0 (± 101.0) mCi, and the mean number (± SD) of RAI therapy treatments was 2.6 (± 1.4). Lee
Comparison of EORTC QLQ-C30, BFI, and HADS between the Disease-Free Survivors of DTC and the General Population
Results from the EORTC QLQ-C30 of the disease-free survivors of DTC and the control group are compared in Figure 2 . The disease-free survivors of DTC showed significantly lower scores in all of the functional domains (physical, role, cognitive, emotional, and social), as well as on the global health/QOL scale at the EORTC QLQ-C30 survey (P < 0.05). Furthermore, the proportion of problematic groups according to EORTC QLQ-C30 was significantly higher in disease-free survivors of DTC than controls for all functional domains and global health/QOL scale except physical functioning domain (Table 3) . HADS-A, HADS-D, and BFI scores for the disease-free survivors of DTC and the control group are shown in Table 4 . Disease-free survivors of DTC had greater levels of distress according to the HADS-A and BFI scores. Interestingly, the disease-free DTC patients showed less distress in the HADS-D score compared with the control group.
HRQOL according to the Mode of Treatment of Thyroid Cancer
The functioning scales for the EORTC QLQ-C30, HADS-A, HADS-D, and BFI did not show any differences between patients who underwent surgery alone and patients who underwent surgery combined with RAI therapy. The cumulative dose of RAI also did not affect the HRQOL in our study group (Table 5) .
Determinants for HRQOL
Anxiety, depression and fatigue emerged as the strongest determinants for most of the domains in the EORTC QLQ-C30 in disease-free survivors of DTC according to the multiple regression analysis. Patients who were employed at the time of evaluation showed significantly better role functioning (β = 6.66) and social functioning (β = 5.00). The frequency of RAI therapy, cumulative dose of RAI, and level of TSH suppression had no significant impact on the HRQOL of the disease-free survivors of DTC. The regression coefficient of each variables, adjusted R 2 and significant P values are described in Table 6 .
Discussion
Our data supports the hypothesis that disease-free survivors with DTC have decreased HRQOL, despite being clinically-free of disease. Important determinants of decreased HRQOL were the patients' subjective fatigue, anxiety, and depression. The modes of treatment (including type of surgery, frequency and cumulative dose of RAI, and level of TSH suppression) did not affect HRQOL in this study population. Our high response rate of 78.6% resulted in 316 participants, making our study one of the largest to evaluate HRQOL in thyroid cancer patients to date. Furthermore, there were no differences in the demographic and clinico-pathologic characteristics between the participants and the non-participants. Data from a large, populationbased, cross-sectional survey of 1,000 Koreans was used as a control in order to limit selection bias.
One limitation of our study was that even though the size of the study population was not small, our study subjects were homogenous in the method of treatment they underwent (total thyroidectomy, 89.9%; at least one dose of radioiodine administration, 92.1%; on T4 suppressive therapy, 97.5%). Also, selection bias may have Figure 2 Comparison of the health-related quality of life between disease-free survivors of differentiated thyroid carcinoma and age/ sex-matched controls. The disease-free survivors of DTC had a statistically significant decrease in all functional domains and global health/QOL scale of EORTC QLQ-C30. *P < 0.05 from one-sample t-test HADS; HADS-Anxiety and HADS-Depression are scored from 0 to 21, with higher scores indicating greater distress. Normal (0-7); mild disorder (8-10); moderate disorder (11) (12) (13) (14) ; severe disorder (15) (16) (17) (18) (19) (20) (21) . BFI; global BFI score ranges from 0 to 10, with higher scores indicating greater distress. Mild fatigue (1-3) ; moderate fatigue (4-6); severe fatigue (7-10). Table 6 Determinants for HRQOL using multiple regression including demographic and clinical variables cured DTC patients with more diverse demographic and clinico-pathologic profiles is needed. Furthermore, the relatively short period of follow-up after the determination of cured status (median 2.7 year) precludes any conclusions about the long-term outcomes in these patients, thus follow-up studies should be performed. The other limitation is that we used cancer specific questionnaire "EORTC QLQ-C30" in comparing the general QOL between disease-free survivor and general population. This might have caused some differences from previous reports and future study using questionnaire assessing HRQOL in general population is needed. Lastly, this study was cross-sectional design, which can limit the generalizability of our findings to similar groups of thyroid cancer survivors due to lack of validity of the data collection, lack of initial HRQOL, anxiety, depression and fatigue level and heterogeneous time since the initial thyroid cancer treatment.
We included the EORTC QLQ-C30 in the set of questionnaires in this study. The EORTC QLQ-C30 is one of the most commonly used questionnaires to evaluate HRQOL in various types of cancer. However, to the best of our knowledge, there has been only one report regarding HRQOL using EORTC QLQ-C30 in patients with DTC [27] , in which the number of participants was small (n = 62), and the disease status and treatment modalities used for the patients were not specified. In this study we used a group of patients who were all disease-free and included a much larger total number of patients (n = 316).
Hoftijzer et al. reported that 153 patients who had been cured of DTC had a decrease in QOL when compared to their healthy controls (n = 113) using multiple questionnaires (SF-36, MFI-20, HADS, SDQ). These decreases were seen in 13 of 16 surveyed areas [10] . They reported that HRQOL may be restored to normal after 12-20 years of follow-up. In our study, even though the time elapsed since cure was relatively shorter (median 2.7 years; range 0.5-13.0) than that of Hoftijzer et al's study (median 6.3 years; range 0.3-41.8), the duration of cure when divided into two groups (<5 years and ≥5) did not influence any aspects of the HRQOL domains of the EORTC QLQ-C30. On the other hand, Pelttari et al. used a 15D questionnaire for their study of 341 stage I or II DTC patients who were at least 5 years after cure [11] . They concluded that these cured stage I or II DTC patients showed comparable HRQOL to that of the general Finnish population. In our study, we also incorporated patients with stage III DTC and showed a decreased HRQOL across all stages. Thus, our study corroborates the findings of Hoftijzer et al, [10] in showing a decreased HRQOL for cured DTC patients for at least 5-12 years during presumably one of the most active stages of these patients' lives, but deviates from the research of Pelttari et al.
Tan et al. described that ethnicity may play a role in HRQOL from a study conducted in 152 Singaporeans of diverse ethnicity [22] . Tagay et al. also reported that depression and anxiety in patients with DTC are highly correlated with QOL. The most important determinants for depression and anxiety in their study were social support and a sence of coherence; whereas TSH did not show a statistically significant association with depression or anxiety [23] . In addition, it has been reported that patients with head and neck cancers who are more optimistic have a higher HRQOL [28] . Hirsch et al. reported that patients with thyroid cancer perceive their illness on a subjective and emotional basis, not on the objective severity of the DTC [29] . So, the influence of different ethnic and cultural background on the perception of illness may have impacted the HRQOL of the cured DTC patients of our study and this may also explain some of the conflicting results in previously reported HRQOL studies. It is possible that in a predominantly ethnically homogeneous country such as South Korea, pervasive perceptions regarding the diagnosis of cancer may profoundly impact how an individual adjusts to DTC. In this regards, the attitude and emotional support by healthcare-provider and family would be of great importance on the HRQOL of long-term survivors of thyroid cancer.
In our study, as in previous studies, treatment modality did not affect HRQOL. The extent of surgery, as in the report by Shah et al., did not impact HRQOL, therefore our findings support their statement that HRQOL should not be a factor in the decision of extent of surgery in DTC patients [26] Likewise, we found no relationship between HRQOL and blood TSH level not only as a continuous variable, but also when grouped into suppressed (<0.5 uIU/㎖), normal (0.5-4.5 uIU/㎖) and increased (>4.5 uIU/㎖) categories. A previous report by Eustatia-Rutten et al. on a small number of patients who were cured of DTC (n = 24) with > 10 years subclinical hyperthyroidism also showed that HRQOL was preserved except for only minor stable impairment on somatic dysfunction. In their study, restoration of euthyroidism after subclinical hyperthyroidism did not result in consistent improvement of quality of life [25] . In a similar vein, Giusti et al. compared 61 DTC patients with a control group consisting of patients on T4 therapy for a non-toxic multi-nodular goiter and found a decreased HRQOL in the DTC patients that was not related to blood TSH levels [7] .
In our study, 89.9% of the patients underwent total thyroidectomy and 92% received RAI treatment at least once. The revised American Thyroid Association (ATA) guidelines in 2009 for management of DTC management guidelines recommend near-total or total thyroidectomy without prophylactic central neck dissection, RAI ablation in selected patients, and maintenance of the TSH at or slightly below the lower limit of normal (0.1-0.5 uIU/ ㎖) for PTC patients at low risk for recurrence [4] . Considering that 93 DTC patients were stratified into the low risk for recurrence category in our study according to the revised ATA guideline, the issue of over-treatment according to older guidelines could be suggested. However, we found no significant differences in HRQOL according to treatment modalities even though the statistical power was weak because most of the patients underwent total thyroidectomy and RAI treatment. The impact of treatment modality needs further assessment with larger number of patients in the future.
We observed that the marital status, education, financial status had little impact on HRQOL. Multivariate analysis revealed that being employed status had a positive influence on role functioning. This reinforces the beneficial effects of the work on their lives or shows that these patients were less affected by the disease and thus still able to continue working.
Lastly, in a study from Germany, Tagay et al. showed a decreased HRQOL and a high prevalence of anxiety in DTC patients on T4 suppression therapy, but the prevalence of depression was not increased [23] . Similarly, we found significantly increased HADS-A scores in our subjects compared to that of the general population control. However, the HADS-D scores were significantly lower in the disease-free DTC patients than in the controls. One possible explanation is that TSH suppression in the patient group might be related to the lower HADS-D scores. Further study is required to investigate the relationship between TSH suppression, depression, and anxiety.
Conclusion
Our study shows that disease-free survivors of DTC patients experience significantly decreased HRQOL in all functional domains of the EORTC QLQ-C30. Anxiety, depression, and fatigue were the major determinants of decreased HRQOL, and further studies are needed to identify their root causes. Anticipatory guidance, psychological supportive care, and improved counseling by physicians and other health care providers who treat disease-free survivors of DTC may lead to improved HRQOL. Studies looking at effective management strategies to ameliorate psychologic disturbances in these patients are also warranted.
